Smart clothing represents the future of both the textile/clothing industry and electronic industry and has an effort to make electronic devices a genuine part of our daily life. The researches about technologies innovation and application of smart clothing can be found in previous studies. But consumer researches about perception or attitude toward smart clothing can be hardly found. Therefore, we proposed a conceptual framework that explores the impact of perceived risks on perceived attributes to adopt smart clothing. In addition, we compared differences of this framework among three counties -Korea, U.S. and Spain. Based on the literature review and hypotheses development, a research model was constructed. After data analysis using Amos 7.0, the results can be concluded as following: First, the influences of psychological risk among Korea, U.S. and Spain are same. Psychological risk has negative effect on relative advantage and complexity, but has positive effect on trialability. Second, loss risk was found to have nothing to do with relative advantage. But it negatively influences complexity for Korean consumers and positively influences trialability for both Korean and American consumers. Third, the influences of performance risk for different consumers are different. At last, based on our discussion, some implications were also concluded.
I. Introduction
Smart clothing is designed to sense user requirements and environment contexts, and provide appropriate service at the right time and place accordingly with minimum effort required from the users and operator (Marzano, 2000) . It represents the future of both the textile/clothing industry and electronic industry and has an effort to make electronic devices a genuine part of our daily life by embedding entire systems into clothing and accessories. The impact of smart clothing will be great in the near future.
The idea of attaching small systems to garments first occurred in the late 1970s in the wearable com--893 - †
Corresponding author E-mail: fashion@yonsei.ac.kr puting field. Due to the advances in miniaturization, comprising a backpack-based, tetherless computer system together with wireless communications, has been transformed from an awkward and cumbersome burden into a completely unobtrusive internet-connected multimedia computer built within an ordinary clothing (Mann, 1997) . However, the concept of smart clothing became widespread in a very short period of time. It draws great attention from many organizations in different fields. A number of research studies have been carried out by many academic institutes, e.g. MIT Media Lab, Royal College of Art, University of Bristol, Central Saint Martins College of Art & Design, Brunel University and Tampere University of Technology. Governmental organization initiatives, particularly in the military field, such as NASA in the USA and Ministry of Defense in the UK, are considered as the main reasons for the fast development of intelligent textiles. Moreover, many high-tech companies conduct their own research or carry out collaborative work with academic institutes or sponsor external laboratories and/or design consultancy e.g. Starlab, and IDEO. Significantly, most of these organizations are multinational companies within the electronics industry, e.g. Nokia, Philips, Ericsson, Motorola, Pioneer Corporation and Infineon Technologies AG (Ariyatum & Holland, 2003) . Therefore, it can be deduced that the leading companies perceive smart clothing as the next generation of electronic devices, and the smart clothing is the next emerging market. Textile & Fashion Korea (2007) predicted that smart wear market would be expanded to the areas of military, medical care, business, and leisure industry. The world market size is expected to reach $7 billion in 2014, which is almost thirty five times increased in 2008.
The researches about technology innovation and application of smart clothing can be found in previous studies. But consumer researches about perception or attitude toward smart clothing can be hardly found. In consumers' decision making, such as in product perception, the concept of risk is often critical (Cox, 1967) . Specially, innovative products involve more perceived risk than other traditional products. The purpose of this study is to find out how perceived risk can influence consumers' perceived attributes for smart clothing. Therefore, we proposed a conceptual framework that explores the impact of perceived risks on perceived attributes to adopt smart clothing. In addition, it is crucial to understand how the consumers in each country see their innovation options, understand how they make innovation trade off decision, and understand the different needs that drive their purchases. Thus, we compared differences of this framework among three counties -Korea, U.S. and Spain. The findings of this study will provide the guideline for global companies which are doing or going to do smart clothing business.
II. Literature Review

Perceived Attributes of Smart Clothing
Product attributes which is defined by American Marketing Association are the characteristics by which product are identified and differentiated. Product attributes usually comprise features, functions, benefits and uses. Another definition given by Hamilton (2007) is that a product attribute provides an important detail of retail product that facilities comparison and classification with similar product. A few examples of product attributes are: size, color, material, weight, display size, battery life, power rating, age range, processor speed, etc. Lancaster (1966) emphasized the need to explain and predict consumer demand based on the characteristics or attributes embodied within goods or services. Products themselves are not the objects of desire, but have attributes associated with them that are important to consumers.
But smart clothing can not be just seen as a product, but also an innovation. Rogers (1995) defined innovation as "an idea, practice, or object that is perceived as new by an individual or other unit of adoption". The attributes of the innovation themselves have tended to receive rather less attention than the personal characteristics of innovators (Black et al., 2001) . According to Littrell and Miller's study (2001) , familiarity with overall garment features (including relative advantage, compatibility with existing value system, and observability) and compatibility with existing wardrobe were significant to predict purchase intention of India-inspired garments. Sung and Slocum (2004) investigated the intention to adopt UV protective clothing among U.S. golfers, and found that trialability, compatibility, and relative advantage in order were significantly and positively associated with the intention to adoption. When Sung and Jeon (2005) examined the adoptability of UV protective golf wear among Korean consumers, compatibility, trialability, and relative advantage in order were significant predictors for purchase intention. Based on all the researches, smart clothing can be described by three attributes that influence the rate of adoption of the innovation, such as relative advantages, complexity and trialability.
First, relative advantage is concerned with the degree to which an innovation is perceived by potential adopters as being better than three idea, product or service it supersedes (Rogers, 1995) . The construct of relative advantage is highly domain specific, although dimensions that are found to have some generality include reduced costs and greater convenience (Black et al., 2001) . For this study, relative advantages include economic benefit, social advantage (good image), or usefulness (functionality, comfortableness). Second, complexity of an innovation is the degree to which it is perceived as relatively difficult to understand and use by members of a social system (Rogers, 1983) . Littrell and Miller (2001) argued that complexity of clothing would be high when additional learning of garment construction or care instructions were required due to lack of familiarity with the garment. Smart clothes carry various digital devices whose diverse functions increase the complexity. Third, in Rogers (1995) research, trialability refers to the degree to which an innovation is perceived as being trialable on a limited basis prior to any decision to adopt. If potential adopters have a chance to see demonstrations or to try on before actual adoption, it would be helpful to reduce uncertainty about smart clothing.
Perceived Risk
Perceived risk was first defined by Bauer (1960) as a term of the uncertainty and consequences associated with a consumer's action (Shin & Park, 2006) . Perceived risk, therefore, is a function of the unexpected results of adoption and an outcome that deviates from expectation (Forsythe & Shi, 2003; Hirunyawipada & Paswan, 2006) .
Perceived risk has been studied extensively in consumer behavior literature (e.g., Chung & Oh, 2001; Conchar et al., 2004; Huh, 2004; Kim & Shin, 2000) . A number of conceptualizations have been offered, but generally are based on the premise that consumer is sensitive to both the probability and extent of potential loss associated with a purchase (Taylor, 1974) . When consumers venture into the adoption of new products, they face a dilemma between desirable and undesirable consequences of the adoption and hence face a risk decision (Mitchell et al., 1999; Zinkhan & Karande, 1991) . Although some researches have mentioned that product attributes could influence perceived risk (e.g. Ostund, 1974) , perceived risk would also affect consumer's perception of attributes of an innovation (Ko et al., 2008) . Ziamou (2002) found that consumers find more uncertainty in innovations that do not provide consumer with new functionality, but rather change the interface of already existing functionality in technological markets. In other words, not all the dimensions of perceived risk may have influences on innovative products. In this paper, most of the consumers have never tried smart clothing before and barely had much knowledge about smart clothing. Social risk and economy risk were not considered as much as other risks. Thus, only three dimensions were used to measure perceived risk, which are psychological risk, time loss risk and performance risk.
Psychological risk refers to the anxiety or disappointment caused by post-purchase results (Chen & He, 2003) . It refers to how the consumer perceives himself after making a purchase decision. Time risk refers to concerns in loss of money or time invested to buy the product. One could argue that in the busy society of today, people would not spend so much time on learning how to use any new technology. Mieres et al. (2006) stated that psychological risk and time loss risk negatively influence consumers' store brand proneness. Uncertainty of smart clothing adoption would hinder from viewing the positive sides of attributes of new products. Thus, psychological risk and time loss risk will be negatively influence consumer's perceived attributes for smart clothing.
H1: Psychological risk will be negatively associated with (a) relative advantage, (b) complexity and (c) trialability.
H2: Time loss risk will be negatively associated with (a) relative advantage, (b) complexity and (c) trialability.
Performance risk refers to concerns about failure to product function as expected. Consumers' evaluation of performance risk is based on their knowledge and cognitive abilities in a certain product domain (Ram & Sheth, 1989) . However, these concerns might be mitigated by consumers' expertise and interest in the highly innovative product domain (Mitchell & Harris, 2005; Mowen & Minor, 2001 ). The technologies which are used in smart clothing have already been used in our daily life and some other industries. Thus, consumers might already have high level of knowledge about the technologies of smart clothing. Therefore, performance risk will be result in positive affect on perceived attributes of smart clothing.
H3: Performance risk will be positively associated with (a) relative advantage, (b) complexity and (c) trialability.
III. Methods
Research Design
Based on the discussion so far, we developed the relationship between perceived risk and perceived attributes of smart clothing. Then a research model was constructed as shown in <Fig. 1>.
Questionnaire Design
A self-administered questionnaire was developed in English based on previous studies. Psychological risk, time loss risk and performance risk were separately measured by 2 items which mentioned by previous researches (Chen & He, 2003; Robert & Kjell, 1993; Sung & Slocum, 2004) . As innovative product, smart clothing attributes, such as relative advantage, complexity, and Trialability, were measured by Rogers' (1995) model. All the questions were measured using a five-point Likert-type scale ranging from "strongly disagree" (1) to "strongly agree" (5). Demographic information included nationality, age, sex, college major, monthly household income, and the monthly clothing expense. The questionnaire was translated into Spanish and English by using back-translation techniques.
Sample and Data Collection
To test our hypothesized model -capturing the relationships among global smart clothing market, the data were collected during fall semester of 2006 from university students in Korea, Spain and the United States who were relatively sensitive to innovative products than other age groups. A two-way language barrier complicated the comparison of respondents, and translations were discussed and modified so that the items on the questionnaires conveyed the same meaning.
A total of 705 final useful questionnaires were analyzed: 300 Korean, 94 Spanish, and 311 U.S. respon- dents. As demonstrated in <Table 1>, about 50.5 percent of the respondents were male with the mean age of 20.98 years old (ranged from 18 to 30). About 48.5% reported that they were aware of smart clothing, and only 16 respondents purchased it. Significant differences among Korean, Spanish, and U.S. respondents were found in age, gender, family income, and product awareness. Americans were the youngest and earning the highest household income. Only 33.4% of Americans were aware of smart clothing, while 43.6% of Spanish and 59.3% of Koreans were aware of it. However, American respondents presented the most positive attitudes toward smart clothing, but Spanish respondents presented the least positive attitudes.
IV. Results and Discussion
Confirmatory Factor Analysis
A series of confirmatory factor analysis models were estimated using the data from the U.S., Korean and Spanish samples. The two-step approach to structural equation modeling suggested by Anderson and Gerbing (1988) was used in this study. Before estimating the paths to test the relationship among constructs, a confirmatory factor analysis for the six constructs and their indicators was conducted to assess construct, convergent and discriminate validity through Amos 7.0. <Table 2> indicates the results of the CFA for the measurement model and gives factor loadings and t-values.
<Table 2> also indicates that every item has a significant t-value on its latent construct. For each country, the CFA model is acceptable because each GFI (for Korea, GFI=.965; for U.S., GFI=.950; for Spain, GFI=.907) and AGFI (for Korea, AGFI=.930; for U.S., AGFI=.910; for Spain, AGFI=.830) value are acceptable. Cronbach's alpha was used for reliability test. Most of the value of Cronbach's alpha are higher than 0.6, therefore, reliability of the data from three countries was good enough to be further analyzed. In summary, the selected items make reliable and valid measures for the research constructs.
Hypotheses Test
To test the hypotheses, a structural equation model was estimated (Fig. 2) , (Table 4) . We estimated path coefficients using maximum likelihood (ML) estimation in the structural equation modeling method (Bollen, 1989) . In testing the main effects from perceived risk to product attributes, we followed Anderson and Gerbing's (1988) method. The analysis was conducted for the three data sets from Korea, U.S. and Spain 
1) Korean Respondents
For Korean respondents, psychological risk was found to negatively influence relative advantage (β=-.59, t=-5.16), complexity (β=-.41, t=-4.37), but positively influence trialability (β=.18, t=2.00). Additionally, time loss risk was found to negatively influence complexity (β=-.30, t=-3.33) but positively influence trialability (β=.35, t=3.04). The relationship between time loss risk and relative advantage was not significant. Finally, Performance risk was found to have positive influence on relative advantage (β=.12, t=2.77) and complexity (β=.31, t=4.22).
2) U.S. Respondents
For U.S. respondents, the results showed that psychological risk have negative relationship with relative advantage (β=-.70, t=-9.17) and complexity (β=-.71, t=-8.94 ). But the relationship between psychological risk and trialability is positive (β=.31, t=4.43). Additionally, time loss risk was only found to positively influence trialability (β=.07, t=2.17). Finally, performance risk was only found to have positive influence on relative advantage (β=.08, t=2.47).
3) Spanish Respondents
For Spanish respondents, psychological risk was found to negatively influence relative advantage (β=-.33, t=-2.01), complexity (β=-.46, t=-3.17), but positively influence trialability (β=.33, t=2.17). However, time loss risk was found to have no significant relationship with relative advantage, complexity and trialability. Performance risk was only found to have positive influence on trialability (β=.22, t=2.04).
Summary of Hypotheses Test
The research model of this study produced good model fitting indexes for Korean, U.S. and Spanish data. But there are some differences of the influence of perceived risk on perceived product attributes for smart clothing.
First, the influences of psychological risk among Korea, U.S. and Spain are same. Psychological risk has negative effect on relative advantage and complexity, but has positive effect on trialability.
Second, time loss risk was found to have nothing to do with relative advantage. But for Korean respondents, it was found to negatively influence complexity, but positively influence trialability. For U.S. respondents, the influence of time loss risk only was found to have positively relationship with trialability. For Spanish respondents, time loss risk was found to have no significant relationship with consumers' perceived product attributes.
Third, the influences of performance risk for different consumers are different. For Korean consumers, performance risk positively affects relative advantage and complexity, but does not affect trialability. For U.S. respondents, performance risk only can positively affect relative advantage. But for Spanish respondents, it only can positively affect trialability.
V. Conclusions and Implications
Conclusions
This paper is to examine the relationships between perceived risk and perceived attributes for adopting smart clothing and compare the differences among Korean, Spanish and U.S. cultural groups. For perceived risk, three dimensions were measured, which are psychological risk, time loss risk and performance risk. For perceived attributes, relative advantage, complexity and trialability were measured. A theoretical construct were built to measure the relationship among the six dimensions. Based on the SEM (Structural Equation Model), the findings are concluded as follow:
First, psychological risk was found to have significantly negative influences on relative advantage and complexity, and positive influence on trialability in all the three counties. For all the consumers, when the nervousness arises from the anticipated post-purchase emotions such as frustration, their perceived advantage and complexity of smart clothing will be lower. On some levels, more information about the innovative products will help consumers to reduce psychological anxiety. But on some other levels, the effect of information is negative. A deluge of information about latest products in the consumer electronic market, a certain assurance about the performance and the user-friendly attributes of products, are likely to put consumer relatively at ease in terms of psychological anxiety (Hirunyawipada & Paswan, 2006) .
Second, for all the consumers, time loss risk was not found to have significant relationship with relative advantage. Only for Korean consumers, time loss risk was found to have negative relationship with complexity, and for Korean and U.S. consumers, time loss risk was found to have positive relationship with trialability. For U.S. and Korean consumers, the interests for new technology and innovative products make them be willing to pay more time on learning, analyzing and trying the new products. And also, given the level of user friendliness in today's high tech gadgets, one could argue that most of the consumers perceived time loss risk may not be negatively influence consumers' perceived attributes for smart clothing.
Third, performance risk was found to have positive influence on relative advantage for U.S. and Korean consumers. Only for Korean consumers, performance risk has positive effect on complexity and only for Spanish consumers, performance risk has positive influence on trialability. For Korean and American consumers, high level of performance risk can cause high level of relative advantage. More probabilities of function failure can be concerned as more relative advantage. For pursuing the latest trend, some con-sumers may be stimulated by the innovative products. In today, because of the mass information sources, these concerns have been mitigated by consumers' expertise and interest. People who want to try smart clothing may already possess high level of knowledge and they want to try innovative products, especially Spanish consumers.
Perceived risk is domain-specific multi-dimensions factor having significant impacts on consumers' adoption, particularly the tendency to acquire new information (Hirunyawipada & Paswan, 2006) . Therefore, marketers need to consider not only functional feature of smart clothing, but also perceived psychological, time loss and performance risk which could influence consumers' perceived attributes for smart clothing. Appropriate information source will help consumers to reduce psychological risk and time loss risk in order to increase consumers' perceived attributes for smart clothing.
Implications and Limitation
The obtained results can be useful in order to guide the management of smart clothing. First, marketers should understand that different countries have a lot of differences when consumers accept a new technology product such as smart clothing. Among these three countries, smart clothing will be the easiest to be accepted by Korean consumers, this partly because Koran is considered as a new technology-based country by the world. Second, different consumers are influenced by different elements of innovativeness differently. To market new products successfully, marketers should realize the impact of cognitive, sensory and domain-specific innovativeness on innovation adoption (Hirunyawipada & Paswan, 2006) . Third, marketer should try their best to avoid different kinds of risks for different consumers and satisfy their different needs. For reducing the negative influences of perceived risk, marketers can use different communication ways (such as advertising, promotion etc.) to educate consumers and let them know the advantages of the new innovative products in order to increase their value.
However, some limitations also exist in this study. First, the data are collected from limited generation in limited locations. Second, the unequal data set may cause some problems in the results. Especially the small sample of Spain consumers may not reflect the true attitude of Spanish about smart clothing. The limited respondents in Spain and undone discriminant validity test also cause the validity and reliability problem which should be solved in the future research. Third, more than half of respondents are unaware of smart clothing. They respond it based on the descriptions of smart clothing which we provide in the questionnaire without actual experience. It is necessary to replicate this study based on the buyers who develop attitudes toward smart clothing and intention to repurchase. Forth, personal characteristics also should be considered in the future research. 
